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@ Method of producing a thermoplastic tube having a smooth interior surface.

@ A thermoplastic tube- having a very smooth interior
surface is produced by a method comprising: (1) extruding
the thermoplastic tube whilst maintaining the interior sur-
face in a molten state by a heating unit disposed within the
area of a first mandre! near the nozzle of an extrusion mold,
and (2) sliding the interior urface of the tube onto a second
mandrel connected to the front end of the first mandrel
through a heat-insulating material and in axial alignment
with the first mandrel in @ manner such as to bring the
interior surface of the extruded tube into contact with the
smooth surface of the second mandrel and simultaneously
cooling the interior surface of the tube with a cooling
medium.
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METHOD OF PRODUCING A THERMOPLASTIC
TUBE HAVING A SMOOTH INTERIOR SURFACE

This invention relates to a method of producing
a thermoplastic tube, the interior surface of which is
very smooth, so that it is useful as a piping material

for handling ultra-pure water.

A large amount of ‘pure or ultra-pure water is
used in the production process of semiconductor device
(LSI) chips in semiconductor device manufacturing
industries. Patterns of the size of approximately 2 pum
are formed on the LSI chips, and thus impurities of
0.2 pm or more, which may be contained in the
ultra-pure water used for the developing process of
photoresists on the LSI chips, the etching process of
1SI chips and the elimination process of the photo-
resists from the 1SI chips, ‘cause breaking of LSI
circuits thereby reducing the gquality of the LSI chips
and decreasing the yield. Particularly, organic
matters, phosphorus compounds, etc., contained in the
cells of bacteria, cause deterioration of the LSI chips.
If pipes for transporting the ultra-pure water have
irregularities on the interior surface, the water

stagnates in the area of the irregularities, resulting

. in the growth of the bacteria.

—

Such pipes are usually made of rigid
poly—~vinylchloride, on the interior surface of which
numberless irregularities having a  height of
approximately 10 pm exist and Dbacteria increase

therein, thereby reguiring periodical cleaning thereof.
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U.S. Patent 3,644,696 discloses an apparatus

for 'smoothing the interibr surface of a plastic hose,

wherein a heating unit is positioned inside of the

astic ose obtaine extrusion molding an a
plast hose bt d by Xt o olding d an

induction coil which is concentric with the heating

unit is positioned around the outside of the hose.

- The interior surface of the hose is heated by induction

heating based on the heating unit and the induction

coil to permit the surface tension of the plastics to

'smoothr out the irregularities.

However, such a heating treatment of the
interior surface of the hose merely allows acute angle
portions in the irregularities to be rounded, and it
cannot eliminate the irregularities themselves.
Deformaitionrrof the irregularities due to the heating
treatment is restored in the succeeding cooling step.
Therefore,  the smoothness desired for pipes
transporting ultra-pure water therethrough cannot be

obtained from such a heating treatment alone.

If the interior surface of the hose is heated

‘to a high temperature which is sufficient to eliminate

the irregularities, the | plastics (i.e.,

poly-vinylchloride) decomposes resulting in a drift

therein so that hoses having a predetermined dimension

cannot be produced continuocusly. Moreover, since the
interior surface is at an exceedingly high temperature,
it is insufficiently cooled in the succeeding cooling
Step and/or a temperature gradient in the direction of
the thickness of the hose is great enough to produce
residual strain, resulting in unstable dimensions of
the hose.
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In accordance with the present invention, there
is provided a method of producing a thermoplastic tube
which comprises (1) extruding the thermoplastic tube
whilst maintaining the interior surface in a molten
state by a heating unit disposed within the area of a
first mandrel near the nozzle of an extrusion mold, and
(2) sliding the interior surface of the tube on to a
second mandrel connected to the front end of the first
mandrel through a heat—insulating material and in axial
alignment with the first mandrel in a manner such as to
bring the interior surface of the extruded tube into
contact with the smooth surface of the second mandrel
and simultaneously cooling the interior surface of the

tube with a cooling medium.

The roughness of the surface of the additional

mandrel is, in a preferred embodiment, 1.5-S or less.

Grooves are, in a preferred embodiment, formed in
the circumferential direction on the surface of the
second mandrel and a cooling medium is supplied under
negative pressure, thereby ensuring that the tube comes
into contact with the second mandrel. The
circumferential grooves are, in a preferred-embodiment,
connected to each other by zigzag grooves formed N
therebetween, resulting in a path for the cooling
medium, the said path being connected to a cooling
medium feeder and/or a suction device, respectively,

through holes in the bottom of each of the circumferential
grooves. |
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a
Aiter passing over the second mandrel, the
interior surface of the tube is, in & preferred embodi-

ment, srraved with & cooling medium.

The cooling medium is, in a preferred embodi-

ment, water or air.

, Thus, the invention described herein makes
possible the objects of (1) providinc a method for the

continuous production of a plastic tube which has a

-highly smooth interior surface +thereby allowing the

preventicn of growth of bacteria thereon; (2) providing
z methoé for the continuous production cf & plastic
tube which is useful a5 a pipingc material for
ultra-pure water; and (3) providinc a2 methoé for the

production o©of & plastic tube which will remain clean

for z icong perioc¢ with minimum washing.
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A thermoplastié tube of this invention is
made of resin ‘material such as poly-vinylchloride,
polyethylene, polypropylene, etc., using an extrusion
molding apparatus comprising an extruder and an extru-
sion mold. The extrusion mold comprises an outer mold
and a mandrel supported by a spider element within the
outer mold in axial alignment with the outer mold to

form a tubular cavity therebetween.

While a2 molten resin material is extruded
from the nozzle of the extrusion mold through the
tubular cavity into a tubular form, the interior
surface of the extruded thermoplastic tube is melted by
a heating unit disposed within the area of the mandrel

near the nozzle of the extrusion mold.

Generally, resin material to be extruded into
a tubular form must be maintained at a certain
temperature level or 1owér, at which the resin material
is completely molten, since it (especially, poly-vinyl-
chloride) tends to undergo thermal decomposition at
temperatures above the melting point. Thus, a portion
of the resin material is not molter, causing
irregularities on the interior surface o the final
product, i.e., the thermoplastic tube. According, to
this invention, the interior surface of the tube is
maintained in a molten state 'under a temperature
control by the heating unit while it comes out of the
nozzle of the mold. The heating unit is located within
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rthe mandrel in the vicinity of the nozzle where the

molten resin material forms a laminar flow, so that a

limited area of the interior surface of the resulting

tube or its surroundings is heated without undergoing

‘thermal decomposition and thus the heated area is

‘immediately cooled in the succeeding cooling step. As

the heating unit[ any heating unit known to be useful
fbr'melting the resin of this invention can be used, an
example of which is an inexpensive electric heater by
which a temperature control can be easily carried out.
The temperature control can be carried out by detecting
the temperature of the surface of the mandrel by =z

temperature sensor to regulate a voltage of a variable

~transformer depending upon the detected temperature of

the surface of the mandrel. Wires for supplying

electric power to the heating unit and for drawing

‘'signals from the temperature sensor are connected to a

power source and & temperature detector, respectively,

through the spider element supporting the mandrel in

" the extrusion molgd.

The exterior surface of the mandrel on which
the molten resin material passes is preferably of a
"mirror-finished" hard chromium platlng, a fluorocarbon
polymer coating, etc.

~—

The interior surface of the tube is then

. heated within the range of 180°C to 220°C when the tube

is made of rigid poly-vinylchloride. 1If the tempera-

ture is lower than 180°C, the interior surface of the

tube is insufficiently molten so that a highly smooth
surface cannot be obtained, even in any cooling
condition, while the tube slides on the highly smooth

exterior surface if an additional mandrel is applied.

- If the temperature is over 220°C, heat loss increases

- since the tube must be cooled in the succeeding coolihg
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step and, moreover, the tube tends to undergo thermal

..7._

decomposition. The terminology "a& highly smooth
surface of the' thermoplastic tube" means hereinafter
the degree of the roughness of the surface of the tube
which is 0.8-5 or less (i.é.,, the roughness indicated
by the gquadruple triangle mark WW) according to JIS
BO601. The degree of this roughness can prevent
stagnation and the growth of bacteria in irregularities

on the interior surface of the tube.

The interior surface of the tube which was
heated on the mandrel by the heating unit is cooled
while it slides on to the seconé mandrel. The
roughness of the exterior surface of the second
mandrel is preferably the same as that tc be reguired
for the interior surface of the tube, but & roughness
of 1.5-8 is 'sufficient because the roughness of the
interior surface of the tube can be reduced to one-half

of the roughness o©f the exterior surface of the

second mandrel while the tube slides on the
second mandrel. The exterior surface of the
second mandrel is preferably of "mirror-finished”

hard chromium plating or fluorocarbon polymer coating.

In order to bring the thermoplastic tube,
which was extruded from the nozzle, into tjght contact
with the exterior surface of the second mandrel,
negative pressure is ~applied throuagh the
circumferentizl crooves disposed ‘on the exterior
surface of the  second mandrel. An alternative
approach it tc use the second =~ mandrel o¢f which
external diameter is greater than that of the first mandrel,
to enlarge the inside ‘diameter of the thermoplastic
tube extruded from the nozzle of the extrusion mold, to
utilize a shrinking force in the tube. As the tube
slides on the second mandrel in the condition where
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it is in tight contact with the second  mandrel, the

interior' surface of the tube is smoocthed and

‘immediately cooled to fix the smoothed surface. If the

tube ie allowed to stand at an insufficient cooling

temperature it is liable to effect thermal deformation,

_and irregularities on the interior surface of the tube

will be restored to such an extent that the interior
Surface of the tube will not contain the desired
smoothness.  Thus, the interior surface of the tube
must be cooled to a low enough temperature while it

slides on the second mandrel.

In order to cool the inteiior surface of the
tube while sliding on the second mandrel, it is
preferable to adopt a direct —cooling technique :
attaining an excellent cooling effect in which =&

cooling medium such as water, air, nitrogen gas, etc.,

is supplied between the interior surface of the tube
‘and the exterior surface of the second mandrel to

~achieve excellent cooling of the interior surface of

the tube. An indirect cooling technigue in which the

'7 tube slides on the second mandrel which has been
. cooled by a cooling means can also be used. In order

- to bring the coocling medium into uniform contact with

the tube in the circumferential direction according to

the direct cooling technigue, a plurality of circunferential

grooves' connected to each other by =zigzag grooves
therebetween are formed on the exterior surface of the
additional mandrel to be £illed with the cooling

medium, ~which is recovered upon cooling the interior

“surface of the tube. The recovery of the cooling
- medium from the crooves can be attained by applying a
7 'pbsitive pressure for supplying the | cooling medium to
- the gi‘ooves or a negative pressure for sucking it from

- the grooves. The application of a negative pressure to

the recovery of the cooling medium from the grooves is
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advantageous over that of the positive pressure in that
the negative pressure serves to draw the tube to the

second mandrel. The - amount of cooling medium
reéuired becomes greater as the degree of the negative
pressure 1is increased. If the degree of the negative
pressure is exceedingly hjgh, frictional force between
the tube and the  second mandrel increase resulting
in difficulty to take off the tube. Thus, the negative
pressure is selected to be in the range of -500 mmHg to
~600 mmHg. In such a2 manner, the coolinc medium
(especially, coolinc water) must be recovered fror the
grooveg, because 1f the cooling water remaine ir the
tube, the intericr éurface cf the tube it cooleé ané
fixed ununifbrmly ir the circumferential direction, re-
sulting in & final product having less accuracy of size
and containing flov marks from the coolinc water on the

interior surface.

The second mandrel for cooling the tube

ie connecteé tc the front end of the first

mandrel +through ¢ heat-insulating substance.

: The pipe means, which
is usec tc transpcrt the cocling medium fror z mediur
source tc the grocoves on the surface of the second -
mandrel through the spider element, is a hose made ©f &
heat insulating substance such as a fluorocarbon resir
vhich can be laid so that it can come into centact with
the extrusion mold to be heated.

The coolins process durinc the slide of the
tube or the second mandrel should be carried out at
e sufficiently low temperature. Since the amount of
coolinc medium suppiied into the second mandrel is
limited tc & certe:rn guantity, production speeé of the
tube is limited tc & certain level so as tec cool the

interior surface of the tube sufficiently. According
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tc this invention, nevertheless, +the tube can be
rrompily produced since +the interior surface of the
zzbe is sprayed with a coolinc water upon passing
through the second mandrel, resulting in a highly

smoothed surface thereof. Accerding to experimental

the tube must be cooled to a temperature of 110°C or
iess to attain a highly smooth level thereon, although

the exact temperzture depends upon the amount of

sprayed cooling water.

The amount of sprayeé cooling water must be
emzll enough so that waterdrops are not produced since

‘the drops on the lower portion of the interior surface

e the +tube cause not only cooling of the interior

‘surface 0f the tube but ziso marks thereon. The amount
¢z coolinc water depends ﬁpcr. the inside circumference
cf the tuvbe, ancé was &arproximately maximur 60 g/minute
fcr the poly-vinylchicride tube havinc & nominal bore

c 75 mn and & thickness of 5.9 .

"The coolinc water can be sprayed from a jet'
noczzle under pressure or with compresseéd air. The
léttef - is advantagecus over the former in that
sz:fficire'nt cooling <can be eattzined due to _the
additional cooling effect of the air jet. '

Thus the extruded tube is cooled from inside,

end then is cooled from outside when it passes through

-cooling water baths and is cut into 2 given length..

For a better understanding of the invention and
tc shd{v, how the same may be carried into effect, reference
will now be made, by way of example, to the accompahying
érawings in which: 7 7 '

Figure 1 is a schematic i1llustration of a method

for the production of & plastic tube according to this
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Figure 2 is ah eﬁlarged partly sectional side
view showing'an apparatus for the method of this inven-
tion; and : ' 7 ,

' - Figure 3 is an enlarged partiy sectional side
view showing another appai:atus for the method of this
invention. B - '

- Referring now to the acéompanying drawings,
Figures 1 and 2 show an extruéion mold 1 for a method of
this invention, which comprises an outer mold 2 and a
mandrel 3 supported byraESpider element 4 within the outer
mold 2 in axial alignment with the outer mold 2 to form

a tubular cavity therebetween as an annular path 5 for

molten resin material. The- -
extrusion mold 1 is connected to the front end of an

extruder (not shown) in which a resin material is
melted and mixed.  The molten resin material is
extruded from fhe nozzle & through the annular path 5
in the extrusion mold 1 into a thermoplastic tube form.
The résulting tube 7 is Vtrheri rcooled and formed into the
desired shape by a forming mold (not shown) and a

cooling bath (not shown) in a common manner.

~ The interior surface of the extruded tube 7
is kept molten byra,heating unit 8 conslsting of an electric~‘
heater which is disposed within the area of the
mandrel 3 near the nozzle 6 ‘and which is op'erated by
ineans of an "'electric wire 9 through the spider
element 4. A temp,ératﬁre—deftecting sensor 10 is
located around t"he, ekter;‘.or surface of the mandrel 3
near the nozzle 6 tc determine the temperature of the
interior surface of the .tube 7, thereby controlling a
heating wvoltage to be applied to,therheating unit 8 so
that the temperature of the mandrel 3 can be

automatically regulated to a proper level.  Numeral

reference 11 is a wire for drawing signals from the
sensor 10. ' -
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A second mandrel! 12 is connected to the
front end of the mandrel 3 by & screw means through a

heat-insulating substance 13. On the surface of the
second mandrel 12, four circurferential grooves 14,
15, 16 and 17 are formed and zigzag cgrooves 18 are

formed between the centrazl grooves 15 and 16.

" Holes 18, 20 and 21 are formed in the bottom ofr each of

the grooves 14, 16 and 17, respectively, and connected
to 2 vacuurm pump (not shown) outside the mold 1 through
the inside of the mandrel 3 by means of & fluorocarbon

polymer hose 22 to thereby maintain inside the

adéitional mandrel a necgative pressure. Z hole 23
(Fic. 2) in the bottom of the groove 15 is connected to
& cooling water source outside the wmolc I by a
fluorocarbon polymer hose 24 though which -cooling water

can be supplied thereto under pressure.

Compressec &sir ané water are supplied by =a
hose 26 to & Jjet mnozzle 25, which is positioned in
front ©f the front end of the second mandrel 12,
ané water is Jjetted therefror to the interior surface
of the tube 7.

According to the above-mentioned mold 1, the
tube 7 is extruded from the nozzle 6 while the interior
surface thereof is molten on the exterior surface of
t+he mandrel 3 hezted by the heating unit 8, and then
sliges on the second mandrel 12 coming into tight
contact therewith due to the drawing wunder negative
pressure in the grooves 14, 16 and 17.  While the
cooling water flows from the groove 15 to the groove 16
through the grooves 18, it contacts and cools the
interior surface of the tube 7, and is removed from the
hole 20 under negative pressure. By sliding the tube 7
on the second mandrel 12 in such a manner that both
ere in +tight contact with each other, +the interior
surface of the tube 7 is made highly smooth, and is
immediately  cooled. Upon passing through the
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second mandrel 12, the interior surface of the
tube 7 is sprayed with cocling water from the Jjet
nozzle 25 in order tc be cooléd.r

Figure 3 shows another extrusion mold 1 as
another effective method of thié invention, which
comprises a cooling water-circulating path 27 near the
surface of the second  mandrel 12' instead of the
grooves' in Figures 1 and 72., To both rends of the

path 27, a cooling water-inlet hose 28 éﬁd a outlet
hose 29, are conneétéd,' respectiVely, to cool the

second mandrel 12' with cooling water,  thereby
indirectly cooling the interior surface of the tube 7
while the tube slides on the cooled second mandrel 12°'.

The following EXamples illustrate the invention.

Example 1 » 7 ,

2 molding apparatus; which consists of the
extrusion mold shown in Figures 1 and 2 connected to
the front end of a twin screw extruder having an
opening diameter'of 90 mm, was used for the formation
of a rigid' poly-vinylchloride tube, using a resin

material of the following composition:

A  rigid . poly-vinylchloride resin .for

extrusion molding having a degree of polymerization'

1050 - - . +++ 100 parts by weight,
organicrtin—staﬁilizer ces 1;5'parts by weight,
calcium stearate cee 1 paft by weight,
stearic acid , --+ 1 part by weight, and
polyethylene wax o -+ 0.5 parts by weight.

Extrusion molding was carried out at an

extrusion temperature (in the area between the extruder
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2nd the mold) of 184°C at an extrusion rate of
0.9 m/min to form a tube having a nominal pore of 75 mm
(i.e., an outer diameter of 89 mm and a thickness of
5.9 mm).

Extrusion tests were carried out at 180°C,
190°C, 200°C and 210°C under z controlled voltage to
+the heating unit 8, in which the gquantity of cocling
water (at 16°C) to be supplied to the groove 15 in the
' mandrel 12 was 200 g/min, 400 g/min and
00 g/min and the gquantity of sprayed water (at 16°C
under a compressed air of 5 kg/cm®) from the Jjet

nozzle 25 was 20 g/min, 40 g/min and 60 g/min.

The roughness of the interior surface of each
of the resulting thermoplastic tubes was evaluated.
The results &are shown in Table 1 together with the

temperature of the interior surface o0f each of the

+ubes jJust after ©passage through the additional
mandrel.

0165068
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Example 2

-Using the same molding apparatus as in
Example 1 and coolingr air instead of cooling water,
extrusion molding was carried out in the same manner as
in Example 1, resulting in a thermoplastic tube having
the desired highly smoothed interior surface.
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CLAIMS:
1. -A method of producing a thermoplastic tube,
which comprises§ ,
' (1) extruding the thermoplastic tube whilst main-
taining the interior surface in a molten state by a
heating unit disposed within the area of a first

" mandrel near the nozzle of an extrusion mold, and

(2) sliding the'interior surface of the tube on to a
second mandrel connected tb the front end of the
first mandrel thfough,a heat-insulating material and
in axial alignhent,with the first mandrel in a

manner such és to bring the interior surface of the
extruded tube into contact with the smooth surface

of the second mandrel and simultaneously cooling the

interior surface of the tube with a cooling medium.

2. A method according to Claim 1, wherein the
roughness of the surface of the second mandrel is 1.5-S

or less.

3. A method according'to Claim 1 or 2, wherein grooves
are formed in the circumferential direction on the surface
of the second mandrel and a cooling medium is supplied
under a negative pressure, thereby ensuring that the_.tube

comes into contact with the second mandrel.

4, A method accbrding to Claim 3, .wherein said
circumferential grooves are connected to each other by
zigzag grooves formed therebetween, resulting in a path
for the cooling medium, said path being connected to a
cooling medium feeder and/or a suction device, respectively,
through holes in the bottom of each of the circumferential
grooves. | '

5. A method according to Claim 1, 2, 3 or 4, wherein

after passing over the second mandrel, the interior surface
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of the tube is sprayed with a cooling medium.

6. A method according to any preceding claim,

wherein said cooling medium is water or air.
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